I. INTRODUCTION
According to the importance of wafer bonding for semiconductor electronics and micromechanic applications there is an increasing interest in better understanding the physical processes by theoretical analyses of the interaction of the atoms ¤ at the two surfaces in contact.
1,2 Wafer bonding was initially applied to bond fused quartz. Nowadays, the main interests in wafer bonding include the enhancement of the technique for silicon covered by silicon dioxide at low temperatures ! 100-400°C" , 19 The potentials were not only applied to structure calculations and to study the behavior of different § modifications of quartz, cristobalite and tridymite with respect to the pressure-dependent phase transitions. They were falini, however, is preferred here because of the better stability of tridymite and cristobalite, which may be the the diffusion constants, whereas NpT enables a relaxation of the cell dimensions and the application of an outer ¥ pressure, which is important for, e.g., the glass generation and the simulation of wafer interfaces, respectively. In order ¥ to control the system temperature either all particle velocities ) are slightly rescaled each time step or solely the outer ¥ layers of the structure model, still applying periodic boundary % conditions parallel to the interfaces. In the latter case, the energy dissipation and thus the dynamic bonding behavior % is controlled by the transfer rates of the kinetic energy § at the borders of the model describing an energy flux into a macroscopic substrate. This improvement of the MD is important to wafer bonding because each new bond at the interface implies an energy gain on the order of eV, which is distributed R to a small number of atoms probably resulting in a ¤ nonphysical melt of the surfaces in a constant-energy simulation.
III.

RESULTS
A. Crystalline and amorphous silica
The P generation of amorphous silica models starts from crystalline silica structures, as e.g., cristobalite, tridymite, or quartz, whereas coesite, stishovite, and keatite have not been tested in our simulations. ¥ that of the slope, respectively, have much higher values than those obtained experimentally. This discrepancy is thought to be due to differences in the heating rates of simulated and actual glasses and to the fact that the crystalline starting . The data in Table I reflect the increase of bonding defects R with the cooling rate relative to pressure and potential parameters. Figure 2Ð Bond angle and bond length distributions of both groups were A generally the same if values of the whole bulk models were A examined. Differences occurred at surfaces and in defect regions. Figure 3 shows the bond angle angular distribu- (   Table IG . Since the number of three-fold membered rings is larger at the surface than in the bulk, the average angle and length distributions These differences are related to higher bond energies and ¤ could therefore be a reason for increased surface reactivity too. In contrast to other simulations forming.
E
In order to simulate a uniform hydrogen-bonded water layer at the surface, the 3 eV impact energy model is subsequently bombarded with 60 1 eV § 
D. Bond breaking and diffusivity of adsorbates
I
The short-time behavior at low temperatures and pressures leads to hydrogenbonded % surfaces with a low bonding energy. The bonding energy § can be increased either by increasing the temperature and/or ¤ the pressure, or by tempering at lower temperatures for sufficiently long times. Increasing the temperature and/or pressure enables us to dissolve the silanol and water groups and ¤ to lower the diffusion barriers. Thus the interface gap can be closed by forming direct silica-silica bonds. The long time behavior shows a reactive rearrangement of the surface, which A locally leads to strong silica bonds even at low temperatures é e.g., § at 0.6T g within A some psê . However, the relation between these different bond regimes and the experimentallỳ observed bond energy plateaus is incomplete, as in our ¥ present model the water, OH and oxygen diffusion is described without the oxidation of the bulk Si. Nevertheless, the oxidation as well as the movement of the oxidation reaction front may influence the diffusion. It has to be the most important process because the oxide is much thinner than a possible diffusion length along the bonded interface. 
V. CONCLUSIONS AND SUMMARY
Molecular dynamics simulations based on empirical potentials are used to investigate the elementary steps of bonding two silica surfaces. MD simulations show that the most crucial problem consists in finding complex atomic potentials covering bulk and surface structures as well as the interaction with adsorbates. The resulting bond energy depends on ¥ the assumptions of the molecular dynamics modeling as, e.g., § heat transfer, annealing temperature, and surface treatment.
Water molecules are reacting with the siloxane bonds thus forming silanol layers. The structure of further water layers is determined by external forces and the kinetic energy of 
